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SYNOPSIS Two Hydro Power Houses are under construction on the Sutlej Yamuna Link Canal emanating 
from river Sutlej at Nangal in the State of Punjab, India. These Power Houses, one(2X18 MW) 
at Ropar and another(2X7.45Mw) at Rajpura had silty-clay soil strate with heterogenous dispersion 
under the Power House. Further bearing capaeity of the foundation was much lower than the 
impressed loads and settlements were heavy, while permissible tilt in the vertical shafts 
of the Hydro-generating machines is 3 mm in 10M height. So it was necessary to provide strength-
ening measures at both the sites. For Ropar Hyde! Power House replacement of soil by river 
borne material i.e. gravel mixed with sand, upto 6 M depth below the raft has been done while 
in case of Rajpura Hydel Power House 0.45 M diameter 10.50 m deep granular piles spaced at 
0.9 M staggered both ways have been provided. 
INTRODUCTION 
Sutlej Yamuna Canal (SYL) is primarily an Irriga-
tion canal designed to carry waters from Bhakra 
reservoir to the adjoining Haryana State. The 
canal passes through territory of Punjab, which 
generally slopes from Shivalik hills to the pla-
ins. From River Sutlej two canals; namely,Nan-
gal Hydel Channel with 354 cumecs capacity and 
Anandpur Sahib Hydel Channel with 287.5 cumecs 
capacity take off from the upstream of the Nan-
gal Dam across river Sutlej downstream of Bhak-
ra Dam. The Anandpur Sahib Hydel Channel ends 
at RD 33800 M upto which it acts as Power gene-
rating channel and thereafter, it is called SYL 
canal which has also the capacity of 287.5 cum-
ecs upto its RD 22191 M, with zero RD at the end 
of the Anandpur Sahib Hydel Channel. At this lo-
cation interlinking works between SYL Canal and 
NH Channel are being constructed to transfer 
Punjab Share back to river Sutlej via Nangal Hy-
del Channel generating power enroute. There is 
also share of Punjab in waters of Nanga! Hydel 
Channel. Out of waters of both the Channels, 
280.4 cumecs is to be diverted to river Sutlej 
for irrigation. 
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The canal runs parallel to River Sutlej in 
Ropar District in Punjab and a fall of 15.058 M 
is available between the canal and the river 
near Ropar. The ground slope along the canal 
alignment was utilized to have a fall of 15.214 
M near Rajpura Town in Punjab on the Sutlej Ya-
muna Canal. The fall near Ropar has been uti-
lized by way of constructing a Power House of 
?-X18 MW (refer fig.l) between the canal and the 
.river, while the fall at the site of Rajpura has 
been utilized by constructing a Power House of 
2X7.45 MW across the canal at RD 100944 M. 
PESIGN PRINCIPLES 
Local geology markedly contributes towards the 
destructive effects of the earthquakes on the 
structures. The ground acceleration due to earth 
ouake depends upon the dynamic characteristics 
of the upper layers. Loose fill-up soils, clayey 
soils(Clay,Loams,Sandy Loams),sands,fragmented 
rocks, half rocks like gypsum and marls, lime-
stones and sand stones and granite in seqence 
offer lowest to the highest seismic resistance, 
with granite ten times and more of that of loo-
se fill, about 4 to 10 times that of the clays 
and sands etc. Sand mixed with gravel offers 
very good seismic resistance as compared to sil-
tY clays and sands. Clays and sands under water 
are subject to heavy settlement in seismic con-
ditions while gravel mixed with sand is muchy 
safer for settlement considerations. In case of 
ctamp and saturated soils the destructive effect 
of earthquakes is considerably more perceptible 
than that of the dry soils (Polyakov). 
Soils are also subject to primary as well as 
secondary settlements. Secondary settlements in 
case of heavy and dynamic strtuctures like Hydro 
Power Houses, even in non-seismic conditions, 
are harmful, as permissible tilt in case of par-
ticularly, vertical shaft machines is very small. 
During seismic conditions the settlement beha-
viour is more serious. Wet soils like silts and 
~lays, even hard, do not offer high bearing capa-
~ity required to take up very heavy dead, like, 
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Fig. 2. Location Plan & Logs for Grain Analysis of Ropar Hydel Power House. 
So while designing foundations under the str-
uctures of Hydro power Houses, it is necessary 
to carry out detailed geo-technical investiga-
tions, for static and dynamic conditions at 
least upto a depth of two times the width of the 
structure below the raft for the purpose of 
study of the nature of the strata and its dis-
persion, evaluation of bearing capacities and 
settlements at various depths. 
Based on the geo-technical data while finding 
out solutions for the weak silty clay and Sandy 
strata, various alternatives like driven piles, 
bored piles, under-reamed piles, granular piles, 
vibro camp action(Monro 1992) for sandy soils 
with or without granular piles, substitution of 
the soil strata with stronger materials where 
feasible and economical to provide can be 
thought of. 
Table 1. Gradation Analysis & N-values ofBore 
Hole-1 of Ropar Hydel Power House. 
BORE HOLE N0.1 
DEPTH SOIL N TRIA~~L BELOW T'fP.E DESCRIPTION TEST 
GL.- .::-·"~'·;· !vALUE 
RESULTS 
~ , ·c 
z ~ •POORlY GRADED SAND GW POORLY GRADED GRAVELS 31 ~ INORGANIC CLAYS OF LOW PLASTICITY lt9 10 SILTY SAND 1>0 20 O.ltO INORGANIC CI:AYS OF LOW '\PLASTICITY 17 050 ' ~ SAND WITH SILTY 23 
20 CL INORGANIC CLAYS OF LOW PLASTICITY 30 20 o.so 
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~ POORLY GRADED SAND 30 3o 72 22 92 18 Q.75 
81> 15 0.65 85 loO CL It{ ORGANIC CLAYS OF LOW PLASTICITY 17 Q.70 
101t 23 0.6~ 
50 85 101t 
···--· 
-SITE CONDITIONS 
Nature of the soil at the locations of both the 
Power Houses comprises clay and silt containing 
small pockets of fine sand and the water table 
is very high. At the site of Ropar Hydel Power 
House it is one meter or so below the natural 
surface level while at the site of Rajpura 
Power House it is about 9 M. At Rajpura Power 
site the rate of seepage has been high and 
pumping difficult, while at Ropar Hydel Power 
House the same is much less. (Ref. Table 1, 
Fig. 2&3). 
1120 
Standard penetration test results showed that 
'N'values at the site of Ropar Hydel Power 
House varied from 23 to 104 and for Rajpura 
Hydel Power House 'N'values varied from 14 to 
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Fig. 3. Grain Analysis Ei 'N'valuesof Rajpura 
Hydel Power House. 
LOADINGS 
The maximum calculated load at the site of Rop-
ar Hydel Power House is 80.67 Tonnes per Sq. 
Metre against allowable bearing capacity of 48 
tonnes per Sq. M based on geotechnical investi-
gations at a depth of 28 M below the N.S.L. 
where the foundations raft is to be located; 
while that at the site of Rajpura Hydel Power 
House, it is 60.5 tonnes per So. M. against all-
owable bearing capacity of the order of 37 M.T. 
per Sq. M. on the basis of site investigations 
at a depth of 22 M below N.S.L. where the found-
ation raft rests. 
The settlement worked out at the level of the 
raft for Ropar Hydel power House is 198 mm and 
that for Rajpura Hydel Power House comes to 
100 mm. 
The hydro turbo-generators in respect of both 
the power Houses have vertical shafts. The per-
missible tilt in each shaft prescribed by the 
equipment supplier(BHEL) is 3 mm in 10 M height 
of the shaft. 
DESIGN ASPECTS 
General 
The work on construction of Rajpura Hydel Power 
House was taken up first and excavation work 
was commenced in January,1988, while that of 
Ropar Hydel Power House in January, 1989. 
In view of the poor soil strata, which was 
neither capable of taking up total loads nor to 
meet with the requirement of permissible tilt 
in the machine shaft, due to poor and heteroge-
nous strata, various alternatives were thought 
of to cater to the design loads and settlement 
parameters in case of both the Power Houses. 
Ropar Hydel Power House 
Size of the raft of Roper Power House is 
42 M perpendicular to the direction of flow and 
27.25 M along the flow. After excavation of the 
pit upto 28 M below the N.S.L. further grain 
analysis on 7 No. bore holes spread over the 
raft area to a depth of about 17 M further bel-
ow was carried out and it was found that there 
was still a silt-clay band of 7 to 10 meters 
under which lay a band of silty-sand (ref.fig.2). 
During investigation~it was known that there 
were intervening sandy bands of fine sand start-
ing from the natural surface level maintaining 
of which was difficult. It was, therefore, con-
sidered advisable to keep the size of the pit 
as far minimum as possible. In view of this, it 
could not be possible to increase the raft size 
so as to bring the impressed load intensity 
within allowable limits of bearing capacity, 
even if it was possible. Also for consideration 
of reducing the impressed loads a trial was 
made to study the effect of increasing the wid-
th of the raft, but this did not help much in 
reducing the impressed load to match the bear-
ing capacity. 
While installing granular piles at Rajpura, 
boring of holes had offered difficulty at certain 
locations and was time consuming where SPT values 
were of the order of 25 onwards. As such for 
Ropar Hydel Power House it was considered nece-
ssary to investigate the nature of soil mass bel·· 
ow the excavated level. 'Standard Penetration 
tests were performed upto a depth of 31 M below 
the 26 M depth of actual excavation below N.S.L. 
The design raft level is 28 M below the N.S.L. 
and as such 2 M further silty-clay band was re-
moved to achieve the design raft level. With this 
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the depth of the silty clay band would be 
5 to 8 M. 
Measured SPT values varied for 50 to 60 upto 
a depth of 15 M below the excavation level and 
these values further were still higher. In view 
of very high SPT values, the alternatives of 
concrete as well as granular piles being time 
consuming and uneconomical, were ruled out. Al.·· 
ternative of providing well foundations was 
studied and it was observed that the skin fri-
ction forces were very low to match the im-
pressed loads. Further this alternative was 
found imparticable, time consuming and costly. 
The other suitable method of treatment of the 
soil mass below the raft level which is 28 M 
below the N.S.L. was removal of the silty clay 
band and replace it by natural rive borne mme-
rial of sufficient strength. The specifica-
tion of the river borne material was so design-
ed so as to be capable of taking heavy design 
loads. The specified material is to have 65% to 
80% between 150 mm to 4.75 mm and the rest is 
to be between 2.0 mm and 0.425 mm (ref. table 21. 









ial used under the raft of 2X18 MW 
Roper Hydel Power House. 
Size Sample Sample II 
80 to 40 mm 25% ) 26% J 
40 to 20 mm 20% ) 19% ) 
20 to 10 mm 13% )=69% 10% )=66% 
10 to 4.76 mm 11% ) 11% ) 
Coarse sand 
(4.76 to 2mm) 4% 3% 
Medium Sand 
(2 to 0.425 mm) 13% 14% 
Fine Sand 
( 0.425 mm) 14% 17% 
The recommended load bearing capacity at El. 
?.49.2 M i.e. 28M below N.S.L. for soil strata 
is 48 T/M2 with factor of safety of 3. To im-
prove the safe bearing capacity and reduce the 
settlement, the Power House pit was excavated 
from El. 249.20 M to 243.200 M i.e. 6.00 M and 
back-fill material (river borne natural gravel-
sand) was laid in 300 mm loose layers compacted 
to 85%(+) relative density. The average maximum 
dry density of the material is 2.29 gm/cc and 
minimum dry density is 2.04 gm/cc and at 85% 
relative density is 2.25 gm/cc. The dry densi-
ties achieved are above 2.25 gm/cc for this 
back-fill. 
ht a depth of 6 M below the raft level, the 
allowable bearing capacity matched with the im-
nressed load intensity. The replaced material 
provided in 6 M depth below the raft level 
c~uld bear the design load. 
As a result of the settlement analysis, it 
was found that the raft will have a settlement 
of 23.67 mm which will reduce to 50% when con-
finement effect is taken. About 80% of the load 
of concreting of the Power House structure gen-
erally comes within 30 months of the commence-
ment of the concreting activity and all the 
dead and machinery loads of the Power House in 
the next 30 months after which commissioning of 
the machines takes place. Before the turbo 
generator machinery is installed and aligned, 
the soil mass is supposed to have achieved nearl~ 
full settlement and hence would cater to the 
requirements of permissible tilt in the shaft. 
To further reduce the chances of settlement, 18 
Fig. 4. Layout of Granular Piles and Test Piles at Rajpura Hydel Power House Site. 
No. vertical drains below the river borne mater-
ial have been provided around the raft so as to 
release the pour pressure thus avoiding long 
term settlement. 
Rajpura Hydel Power House 
In respect of Rajpura Hydel Power House, on the 
basis of the size of the turbo-generator as 
well as layout for accommodating ancillary equip-
ment, the size of the raft was worked out as 
36 M perpendicular to the direction of flow and 
22 M along the flow. 
In the first instance, exercise was carried 
out to increase the size of the raft on the 
upstream side so as to reduce the eccentricity 
as the centre of gravity of the total mass lay 
on this side. Increase of width on the upstream 
side upto 18 M could only reduce the impressed 
load intensity to 42 tonnes per Sq.M. Any fur-
ther increase in the width of the raft did not 
help in reducing the pressure due to increase 
in eccentricity. 
As such other alternatives of strengthening 
the ground like replacement of weak soil, con-
crete piles and granular piles were thought of. 
Due to heavy seepage of sub-soil water, replace-
ment could not be done on practical consider-
ations keeping in view the heavy and costly 
pumping of seepage water. 
In case of concrete piles, sufficient friction 
could not be avilable because of silty clay 
soil under sub-merged conditions. Apart from 
this no bearing stratum was available. The only 
alternative left was provision of granular piles. 
Provision of granular piles gives an added 
advantage of safe drainage of sub-soil water 
underneath the raft in addition to strengthening 
of the soil mass below by way of replacement and 
densification. Soil mass strengthened with granu-
lar piles offers quick relase of pour water 
pressure generated by cyclic loading under 
seismic conditions or otherwise. 
Under the raft of the size of 22 M X 336 M,1204 
No. granular piles, each of 0.45 M bore hole dia-
meter and 10.5 M depth with spacing of 0.9 M 
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in both the directions in a zig-zag pattern 
were provided (ref. fig.4).The bore holes were 
made manually by using augers, as suitable 
mechanical/hydraulic rigs were not available. 
Before laying lean concrete for the R.C. raft, 
duly compacted cushion of 0.9 M consisting of 
0.3 M of cobble pack and 0.6 M of gravel-sand 
pack was provided over the 10.5 M deep piles 
(ref. fig.5). 
Design of granular piles was done with the 
joint consultancy of University of Roorkee and 
Central Building Research Institute, Roorkee, 
India. 
Test Piles for Rajpura Hydel Power House 
Before commencement of the work of installation 
of granular piles at site, pile test in the pit 
of the Power House (but a little away from the 
grid of the granular piles)(fig. 5) was per-
formed and with two pile-group, settlement for 
design load was observed as 4 mm which is likely 
to further reduce to almost nil in respect of 
grid system of the granular piles as well as 
on completion of construction of major concrete 
wnrk upto generator floor over a period of 3 
years. 
CONCLUSION 
In the State of Punjab in the sub-mountanous 
terrain in which rivers flow, the soil strata 
met with has been found consisting of (1) 
Coarse sand mixed with gravel in varying propor-
tions and sizes as in the case of 90 MW upper 
Bari Boab Canal stages-! & II, 207 MW Mukerian 
Hydel Project and 134 MW Anandpur Sahib 
Hydel Project, (2) boulders packed with sand as 
in the case of 168 MW Shahpur Kandi Hydel 
Project and (3) layers of silt, clay and sand, 
may be, fine, medium and coarse, as in the case 
of 2X18 MW Ropar Hydel Power House and 2X7 .45MVI 
Rajpura Hydel Power House. For the first two 
categories of foundation strata, simple solution 
like reinforced concrete open raft foundations 
has been found sui table to carry the heavy 
impressed loads and safe for settlement con-
siderations. In the case of third category of 
~~IV1 18~9g;-;;1 
~· >-"" 1 
I !-"'· ~ ~ 1 
7530 
7530 
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Fig. 5. Cross Section of pit of Rajpura Hydel Power House- Pile foundation details. 
strata it has been found that these are not cap-
able of taking heavy loads and are subject to 
heavy settlement, not permitted for the structur-
es like Hydro Power Houses. Such strata need· 
strengthening for which various alternatives of 
providing driven piles, bored piles, under-reamed 
piles, granular piles, vibro-compaction with or 
without granular piles and substitution of the 
heterogenous poor soil strata by river borne 
material with 65% to 80% of gravel and compact-
ion to a relative density of about 85% need 
to be considered. 
Choice of a suitable alternative would depend 
upon the nature of strata and sub-soil water 
conditions. Where stratum consists of loose 
sand only, vibro-compaction coupled with granular 
piles could be the suitable solution. In 
case of strata where sub-soi 1 water can be 
easily and economically controlled, alternatives 
of providing granular piles or substitution of 
the soil mass by gravel mixed with sand could 
be thought of depending upon the economic con-
sideration and availability of the suitable 
equipment required. Where soil strata has high 
standard penetration test values 'N', say, above 
15 or so, boring by manual operation becomes 
difficult as observed at site and use of a 
hydraulic rig would be essential. The use of 
rig, its movements from one work place to another, 
if sub-soil water is not controlled, 
would become cumbersome, time consuming and un-
economical. Substitution of soil mass and com-
paction thereof has been found to be easy, quick 
and relatively economical solution for Ropar 
Hydel Power House. Due to high 'N' values,alter-
native of providing granular piles was not pract-
icable. Solution of providing granular piles is 
an attractive proposal, if silty clay soil mass 
is not hard and can be bored. In case of 
Rajpura Power House at certain locations manual 
boring became difficult due to hard strata and 
progress slowed down. 
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Experience of granular piles in cluster in 
the in-situ pile test at Rajpura Hydel Power 
House site has generated confidence for achiev-
ing zero settlement. The alternatives of 
granular piles and soil substitution are much 
easier, quicker and cheaper than those of other 
types of piles. In case of Hydro Power 
Houses, construction period before alignment 
of the turbogenerator equipment, being long, 
largely helps in minimising the settlements in 
reliable strata as in the case of Ropar Hydel 
Power in which well-defined and strong gravel 
mixed with sand has been provided to achieve 
the desired goal of practically no settle-
ments in future. In the existing Power Houses of 
Upper Bari Doab canal, Mukerian Hydel Project 
and Anandpur Sahib Hydel Project where even 
natural gravel mixed with sand was.available, 
no settlements have been noticed. 
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